The paper presents the results of heat treatment tests of HS6-5-2 high speed steel with laser working in continuous mode. The tests used steel in the delivery state as well as steel after fluid treatment aimed at diffusion enrichment of the surface layer with carbon and nitrogen. The aim of the research is to determine changes in the structure of steel enriched with carbon and nitrogen and then subjected to the impact of the laser beam.
Introduction
The use of laser machining for parts of machines and tools, e.g. cutters or drills, creates a number of possibilities for improving their functional properties. The demand for new, more durable and harder tools has resulted in the increased interest in new methods of heat treatment [1] [2] [3] . One of the methods of obtaining more supersaturated structures with a higher than in the conventional grain refining processing, which arise as a result of the action on high energy material in a short time is laser treatment. Moreover, low costs, the possibility of full automation and high accuracy contributed to the use of lasers for industrial purposes. By using laser, we obtain a hard, abrasion-resistant surface layer of steel while maintaining the ductility of the core [4] [5] [6] [7] . In case of laser processing, the power density and duration of laser radiation on the material have a decisive influence on the thickness and structure, and thus the properties of the surface layer [10] [11] [12] . The diffusional enrichment of the surface layer with carbon and nitrogen applied earlier is aimed at improving the functional properties of the surface layer of high-speed steels [8, 9] . The purpose of the work is to determine the effect of diffusion and laser treatment on the structure and hardness of the top layer of HS6-5-2 high speed steel tool.
Material and methodology of research
The HS6-5-2 high speed tool steel with the chemical composition shown in Table 1 constituted the test material. Plate-shaped samples with dimensions of 120 x 15 x 8 mm were prepared for the tests. The samples were then subjected to diffusion in coal and nitrogen in a fluidized bed, with the following parameters:
▶ nitrocarburizing temperature 1153 K, ▶ time 3.6 ks, ▶ air excess coefficient α p 0.22, ▶ addition of ammonia to the atmosphere of 2.5%. The sample after diffusion enrichment after being removed from the furnace is cooled in the air. As a result of diffusion enrichment, an enriched layer with a carbon content in the range of 1.1 to 1.3% and nitrogen 0.15% was obtained.
Molecular CO 2 , laser was used for the tests, where the active medium is a mixture of gases composed of CO 2 , helium and N 2 . It emits infrared radiation with a wavelength of 10.63 mm. It is created as a result of the return of CO 2 particles to the basic level.
Laser processing was performed by increasing the focusing size ∆f. The laser treatment parameters are shown in Table 2 . In order to characterize the structure obtained after hardening, tests were carried out using optical and scanning microscopy as well as x-ray examinations. The measurements of the microhardness distribution in the hardened layer of the Vickers method at 100 G load were also made. Metallographic smudges were made in planes perpendicular to the lines (paths) defined by the laser beam. In order to reveal the structure of the zone affected by laser radiation and the structure of the matrix, 5% of nital was used.
Results and discussion
The purpose of the work is to determine structural changes of HS6-5-2 steel resulting from the modification of its surface by diffusion enrichment in C and N, followed by laser hardening with a beam of different power density. The size and distribution of microhardness in the hardened layers was also determined. Figure 1 shows the distribution of microhardness of the surface layer enriched with carbon and nitrogen without affecting the laser beam. Figure 2 shows the distribution of microhardness after laser treatment with the power of: ▶ sample 1 -13 2 . In case of sample 1, a hardened layer consisting of four zones was obtained: ▶ the first zone is made of remelting material, ▶ second zone -melted, ▶ third zone -laser hardening, ▶ fourth zone laser remission. All zones together have a thickness of 415 μm, assuming, as a criterion, hardness higher than the hardness of the core. The thickness of the melted zone is 190 μm. On this basis, the hardness of this zone was obtained at 750 HV. As we approached the second laser hardening zone, the hardness increased reaching a maximum of 1270 HV at a distance of 260 μm from the surface. The thickness of the third zone is estimated at approximately 100 μm. Then the hardness decreases, but it is higher than the hardness of the core. The hardness of the core is 
Summary
The thermo-chemical treatment in a fluidized bed assured obtaining a surface layer with fine-grained martensitic structure with a large number of coagulated alloy carbides formed during cooling due to the decreasing solubility of carbon in the austenite as well as those formed during the carburizing process. As a result of cooling of the samples in the air, the thin surface layer was decarburized. This is confirmed by the reduced amount of carbides compared to deeper situated zones. Saturation with carbon and nitrogen is variable at the thickness of the layer, which manifests itself in the microhardness distribution of this layer (Fig. 1, 2 ). Microhardness and microstructure testing confirm that along with the change of beam parameters, the width of the hardened layer increased, the depth grew in samples from 1 to 4, while in sample 5 the depth of the hardened zone decreased as compared to other samples. In sample 5, the applied power density turned out to be insufficient to cause a further increase in the depth of the hardened zone. This state of affairs, however, is beneficial.
